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“ONE HUNDRED YEARS OF DRIVING” 


..- proof that this oii improves car performance 7 ways: 


quicker when cold 


Starts 


increased gasoline mileage. 


replacements 


requirement. Change now and change regularly... 


Motor Oil. At your Texaco Dealer, 


QUICK STARTS SAVE GASOLINE. Free- 
flowing even in sub-zero cold, this 
amazing all-temperature motor oil cuts 
Starting drag for instant starting re- 
sponse and greater gasoline economy. 


increased 
engine cleanliness 


the best 


power livelier response 


fewer repairs, 


a single grade meets every driving and seasonal temperature 


to Havoline Special 10W-30 


friend your car has ever had 


= 
DELIVERS MORE POWER. Even in hard, 
hot running when ordinary oils thin 
out and lose body. Havoline Special 
10W-30 maintains full body, keeps a 
tight piston seal to deliver full power. 


CLEANS AS YOU DRIVE. Endowed with 


finest base oils and special additives, 
this new oil wear-proofs engines by 
keeping them free from harmful car- 
bon, sludge. Your engine stays young 
and powerful 


4 ie — ae 
YOU GET SURE PROTECTION. Never 


before has a motor oil done so much, 
in added performance, economy, and 
protection against costly wear and 
deposits. This can increase trade-in 


value, too 


TEXACO 


Dealers in all 48 States 


Texaco Products are also distributed in Canada 


Latin America, and Africa 


A million miles of testing... 
the equivalent of 100 years of 
driving by the average motor- 
ist... night and day . . . in des- 
ert heat and winter cold... in 
every season... proved this 
new all-temperature Havoline 
Special 10OW-30 Motor Oil set 
new higher standards of per- 


formance and protection. 
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Figure 2 — Average and maximum engine torque rating 


physical size since Figure 3 denotes a consistent im- 


provement in brake horsepower per cubic inch of 
displacement. In addition, Figure 4 shows that avail- 
able horsepower has grown considerably in relation 
to car weight. 

The some of the factors 
contributing to the horsepower rise. In Figure 5, 


next 


figures 


the recent trend toward the very compact V-8 engine 
is apparent while Figure 6 shows an increase in dis- 


placement of approximately 25%. 
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Figure 3 — Average specific brake horsepower 
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Figure 4 — Ratio of horsepower to car weight. 





As illustrated in Figure 7, compression ratio has 


demonstrated a consistent rise from an average of 
6.7 to approximately 9.0 with certain production 
models being as high as 10:1. As expected, brake 
: I 
mean effective pressure (BMEP) has also risen as 
indicated in Figure 8 
Engine speed has played a contributory role. In 


Figure 9, it may be seen that rated engine speeds 
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Figure 5 — Average number of engine cylinders 


in excess of 4500 revolutions per minute (RPM) 
are not uncommon today as compared to about 3600 
RPM ten years ago. While this represents approxi- 
mately a 25% increase in engine RPM, a corre 
sponding increase in piston speed has not been 
noted. This is shown in Figure 10 where the change 
has been about 10%. An explanation of this may 
be found in Figure 11 where a trend toward reduced 
stroke and increased bore is obvious 

In addition to the foregoing, there have been a 
number of new mechanical features that have found 
excellent acceptance in the automotive field as illus- 
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Figure 6 — Average engine displacement. 
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trated in Tabl is f a number of these characteristics of passenger cars. A number of these 
will be made late: have been selected for discussion and have been 
ategorized for convenience of presentation in the 


WiowiIng section 


PERFORMANCE TRENDS 
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brake horsepower rating Figure 11 — Average engine bore and stroke measurements 
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MECHANICAL INNOVATIONS 
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AIR CONDITIONING is ig 
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Figure 12 — Chassis Dynamometer. 


fold vacuum instrumentation and subsequently re 
ducing these tractions on the chassis dyna 
Full Throttle Performance 
Predictably, large and significant changes have 
been noted in certain of the full throttle perform- 
ance characteristics. One of the most outstanding 
of these has been available at the rear 
wheels, Figure 13 showing an increase from 449 to 


traction 


846 pounds or approximately 90%. This has also 
lem- 
onstrated in Figure 14 where we note that today's 


cars can overcome a grade of 22%2% as compared 


to 12% in 1947. Both of these are, of course, natu 
ral outgrowths of the horsepower increase previ- 
yusly discussed 
The picture is not quite as bright when fuel econ- 
Jered ; seen 


omy is considered. In 


that full throttle fuel economy has suffered a gradual! 
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Figure 13 — Average measured tull-throttle traction. 
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Figure 14 — Average measured grade capability 
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Figure 15 — Average measured full-throttle fuel economy 


decline of about 2.5 miles per gallon. This ma 
rationalized as being the result of larger engines and 
higher operating speeds. These larger and hi 
speed engines are somewhat more efficient than 
their predecessors, however, as is obvious from the 
next two figures. In Figure 16, a decrease in brake 
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Figure 16 — Average measured full-throttle brake specific fuel 
consumption. 
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Figure 17 — Average measured full-throttle thermal efficiency 
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Figure 19 — Average measured full-throttle crankcase 
ventilation 
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Figure 20 — Average measured full-throttle blowby. 
this improvement has been overshadowed by the, 
influence of rising level road tractive requirements 
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Figure 23 — Average measured level-road 
volumetric efficiency. 


be noted that the average intake manifold tempera- 
ture has decreased about 50°F over the past decade 
This has undoubtedly been the result of the increas- 
ing number of V-8 engines tested, which have 
greater distances between intake and exhaust mani- 
folds than did the older in-line engines. The fore 
going is borne out in Figure 27, except for the year 
1957, which shows the trend it 
temperatures. The same reasoning applies to these 
temperatures although the differences observed are 


not as great as for the intake manifold. Fuel pump 


carburetor bow] 


outlet temperatures are also shown in Figure 27 and 
are noted to be without any particular trend 
Because of various changes in the test procedure, 
it is not possible to give high load temperature data 
on a consistent basis over the ten-year period under 


o 
o 


26 
es 
gs 
gE 
s 


AVERAGE OF 30, 50,70 MPH 
4 . 4 


si 52 $3 34 $s 56 s7 
YEAR 





Figure 24 — Average measured level-road crankcase 
ventilation. 


common basis available is 
the use of equilibrium temperatures at 50 MPH, 
full throttle operation for the years up through 
1955 and the use of equilibrium temperatures at 
50 MPH, 10% grade for 1956 and 1957. This was 
the result of a decision in 1956 to abandon full 
throttle operation to equilibrium as being unrealis- 
tically severe for the testing of cars. Figure 28 
depicts the trend in crankcase oil temperature on 
this basis. It may be noted that crankcase tempera- 
ture has been steadily increasing, averaging at least 
30°F hotter now as compared to 1947. The 1956 
and 1957 temperatures break with the trend for the 
reasons explained but are still in the direction of 
becoming higher 

Figure 29 shows similar data for the transmission 
oil temperature, where the trend is noted to be quite 
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Figure 25 — Average measured level-road blowby 





February, 1958 


2 ia 


%Vv-@ CARS a” 
+ ian Os 


4 


mR 


‘ 
--9 


MAX TEMP AFTER SHUTOOWN 
FOLLOWING 6O MPH LEVEL 
ROAD OPERATION 








INTAKE MANIFOLD TEMP 


Figure 26 — Average and maximum measured intake manifold 
sock temperature after shutdown 


marked. Temperatures have increased considerably 
more than 100°F over the past decade. In certain 
cars it was considered necessary to terminate the 
test run before equilibrium conditions were obtained 
due to excessive transmission temperature rise. To 
protect against this, an arbitrary limit for trans- 
mission fluid temperature was set at 350°F. The 
encircled represent those averages which 
include some temperatures that were 
under equilibrium conditions. The 10% grade tem- 
peratures for the transmission also show a rising 


points 


not measured 


a 8 





TEMPERATURE 


MAX TEMP AFTER SHUTDOWN 
FOLLOWING 60 MPH LEVEL ROAD 
OPERATION 
(40L nN i 1 i j 
1947 48 43 si 52 $3 54 55 56 Ss? 
YEAR 





Figure 27 — Average soak temperatures after shutdown 


trend while at the same time breaking from the full 
throttle temperatures. As indicated by the encircled 
10% grade points, some transmissions would have 
exceeded the 350°F temperature limit had the test 
been run to equilibrium. 

Figure 30, the rear axle temperature plot, does 
not exhibit any particular trend. Many of the points 
shown are not at equilibrium because overheating 
of the transmission fluid prevented operation of the 
rear axle to equilibrium. The temperatures are 
therefore lower than they should be and it seems 
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Figure 29 — Average automatic transmission oil temperature 
at 50 m.p.h. 
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Performance of Non-Standard Models 

In recent years, a number of manufacturers have 


made available higher output 





versions of their stock 
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model engines. In some cz 


a whole new 
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ngine, while in others, the cl 
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lished t 


hrough the use of modification 








kits. In either case, these non-s 1 vehicles are 
of interest, since they may frequently be interpreted 
as the forerunners of design modifications which will 
be incorporated in production cars. A 


these have been tested and their performan 





tive to their standard counterpart is 


II. As noted, two major differences exist in most 











cases between the standard and non-standar 
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Figure 30 — Average rear axle temperature at 50 m.p.h 
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Figure 31 — Average premium fuel octane versus average and 
maximum car octane requirement. 


every case, the use of an air conditioner resulted in a 
reduction of power delivered at the rear wheels and 
a decrease in fuel economy. On a percent basis, 
these represent a loss in rear wheel traction of 1 to 
5 percent and a concurrent depreciation in fuel econ- 
omy from 4 to 10 percent. 


EFFECTS ON FUELS AND LUBRICANTS 
Up to this point, the discussion has dealt with 
the design and performance trends of the cars them- 
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Figure 32 — Car octane satisfaction with premium and regular 
grade fuels. 
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_AIR CONDITIONING ve 
OFF 


16.3 





15.6 


15.4 17.1 


16.6 
15.6 
15.1 
14.9 
14.9 
17.7 


selves. Many of the trends have shown that substan- 
tial changes have occurred in both design and per- 
formance. These have, of course, resulted in a 
number of modifications in the fuel and lubricant 
requirements of the vehicles. 


Fuels 

The one requirement which has received the most 
publicity over the past several years is that of fuel 
In this category, anti-knock performance has been 
stressed most heavily as a result of a continuous 
rise in octane requirement of passenger car engines 
Figure 31 depicts the trend in passenger car octane 
requirement as well as the accompanying 


f ing trend in 
noted 


that octane requirement has shown a steep and con- 
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Figure 33 — Surface ignition versus fuel composition. 
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Figure 34 — Relative vapor lock incidence. 
sistent increase over the past ten years. This is a 
natural result of such design factors as compression 
ratio, valve and ignition timing, carburetion, etc 
which have led to today’s high output engines. Also 
shown is the manner in which the anti-knock K quali 
of fuels has kept pace with this requirement. rrom 
1947 to 1957, octane requirement of the test cars 
purchased rose from 71 to 94, while the same 





period, the ASTM Research octane number of pre- 
mium gasoline increased from 86 to 97. While the 
najority of cars have been satished with premium 
grade gasoline, a small but increasing percentage 
have not. This is illustrated in Figure 32, where the 
trend since 1954 j is quite apparent Because of this, 
some petroleum companies have begun marketing 
1 third or super premium grade of gasoline whose 

in this situation is also shown in Figure 


position 


31. It should further be noted here that the number 
of cars satisfied with regular gasoline has declined 
sharply in these same three years. 
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is Surface 


Another fuel factor gaining prominence 
inition As the compression ratio Of passenger Car 
engines has increased, octane requirement has also 
risen. This requir it has and is being satisfied by 





ATION 


current commercial grade fuels. However, as com- 
pression ratios approach the order of 12:1, the 


engines bec ome more susceptible to surface ignition 
In fact, it appears that surface ignition requirement 
may eventually compete with octane requirement for 
first place in relative order of importance. Unfor- 
tunately, some of the components of commercial 
fuels which are most desirable for satisfying high 
are those which have reduced 
resistance to surface ignition. It further appears that 
some of the best fuels known today might not be 
able to entirely eliminate surface ignition at the 12:1 
ression ratio level. To illustrate these phenom- 
shows ct surface ignition 
counts for two widely different fuels. These data 
were obtained from a 12:1 compression ratio engine 
installed a current model car and operated on a 
simulated city-type driving schedule. One fuel had 
a moderate aromatic content while the second was a 
parathinic stock; each contained 3 ml. TEL/gal. The 
ASTM i oo octane number of 
ee rated 105. Both fuels satisfied 

tane requirement of the eng 
that there was 


octane requ irements 


comp 


ena, Figure 33 imulative 


former had 


106 while the sec 
the spark ignitio 
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rine. 
these curves 


no significant difference in surface ignition rate 
between the two in spite of the wide variation in 


mnition was not 
but was also 


con post In both cases, surface ig 


only observable with instrumentation, 


on 


early audible. The problem of surface ignition is 
gra dually increasing in importance as compression 
ratio continues to rise and considerably more work 
will be required rede a satisfactory solution to it 
is obtained 

No discussion of fuel requirements would be com- 


examining the subject of vapor lock 
Figure 34 shows the relat: k 
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the summer of 1956. The data were obtained by 
observing a large number of cars at various selected 
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Figure 36 — Effect of oj! quality on cam nose wear. 


ocations throughout the country. The “incidence 
rate” is the number of vapor locks observed for cars 
of a given model year divided by the percent of the 
total cars on the road that the model year represents 


or the 


The data indicate that 


postwar Cars, except I 
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past few model years, have nearly equal and rela- 


tively high vapor lock incidence rates. The prewar 
models observed had quite a low rate. Also of inter- 
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Figure 37 — Effect of oil quality on spalling and wear of 
valve lifters. 


Figure 38 — Effect of oil quality on rocker shaft wear 


est is the decrease in vapor lock incidence for the 
1953 and newer cars. Based upon this and previous 
surveys, it is indicated that newer cars, which have 
fuel and coolant systems in good condition, have 
lower incidence rates than cars that are a few years 
older. In a previous survey, summer of 1952, it was 
noted that the newer cars, at that time, had lower 
rates than their predecessors and these same vintage 
cars in the later survey show a relatively high inci- 
dence, slightly higher than the early postwar models 
they surpassed in the 1952 survey. 


Crankcase Lubricants 

Another petroleum product of considerable inter- 
est is the crankcase lubricant. This product has also 
been markedly affected by the preceding trends. The 
most significant contributor to its change in per- 
formance requirements has been the valve train sec- 
tion of the engine. Initially, the increasing popularity 
of hydraulic valve lifters created a demand for im- 
proved detergent characteristics of the oil. This 
improvement was a result of the close operating 
clearances within the lifters’ mating parts where 
slight amounts of deposit caused lifter sticking and 
erratic, Noisy engine operation. An example of the 
deposits formed and their location is illustrated in 
Figure 35. The lifters shown were obtained from a 
low temperature, light duty road test after 10,000 
miles of operation. The one at the extreme left repre- 
sents the benefits obtained with the use of high 
detergent type oils, while the others are indicative of 
the deposit-forming tendencies of 
type oils. 
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As the speed and output of engines ascended, 


other valve train problems arose to increase the sever- 
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Figure 40 — Effect of oil quality on oil filter cartridge life and efficiency. 


which represents what was considered to be a 
mium type oil only ten years ago. 

While the careful selection of base stocks and 
additives and their balanced blending produces supe- 
rior motor fuels and oils, there are occasions when 
} 


1¢sign may produce an undeésirabDieé situation 


engine c 
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Such a case is represented by the fouled spark plugs 
in Figure 41. Here, a current model V-8 engin 


gine Was 





operated in the laboratory on a cyclic procedure con- 
sisting of both low temperature-low speed and high 
temperature-high speed phases. In less than 10¢ 
hours, the fouling shown was obtained. Investiga- 


tion of the cause revez 





ed that the combustion cham- 
ber design was conducive to heavy deposit accumu 
lation in a restricted area and that unfortunately the 
spark plug was located in this very area. A design 





Figure 41 — Effect of spark plug location on deposit accumulation. 
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Figure 42 — Per cent of cars manufactured with automatic 
transmissions. 
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through these units together 
in their operating temperature. These factors have 
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sion are shown. The components were taken from a 
laboratory test where the transmission was operated 
at 300°F for 300 hours at constant speed. On the 
right are shown the extremely heavy deposits ob- 
tained with a fluid which only a few years ago was 
entirely satisfactory for automatic transmissions. In 
ontrast, the parts on the left indicate an almost com- 
plete absence of deposits using a fluid typical of 
those now available. 

Due to the trend toward higher operating tem- 
peratures, previously used seals are becoming inade- 
quate from the standpoint of embrittlement, cracking; 
and de As a result, new seal materials are 
being explored and developed. However, these are 
not always compatible with the lubricant. At the top 
two seals of the type used in the 
described in the last paragraph 
These are seals designed to give satisfactory life 
perature transmission operation. Here 
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of Figure 44 are 
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Figure 43 — Effect of fluid quality on automatic transmission 
cleanliness. 
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Figure 48 — Growth of power steering 
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prevent deposition at elevated temperatures and 1 com- 
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to prevent their early deterioration. From these, > it 
may be seen that the mo eiactee imf{ pose od a 
power steering gear fluid 
spects to those of automatic transmission fluids. It is 
only natural, therefore, that automatic transmission 
fluids should be used in this application and such has 
However, it is not unreasonable to 
expect that eventually, power steering gear units will 
have their own separate and distinct fluid — a situa- 


naterials 
rs! 


similar in many re- 


been the case 


be caused by the increasing 
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The passenger car air conditioning unit is t 

second nen accessory to require a lubricant. Here 
however, previous research and development 

produced lubricants for industrial and home air con- 
ditioners which were entirel} 
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for the development of a new product 


had 


ly satisfactory for this ap 


required 


SUMMARY 
In the past decade, tremendous strides have been 
made in the automotive industry. These have pro- 
duced a growing —! for the V-8 engine e and i 
the automatic tr 
new features as power steering, non-sy 
ball joint and torsion bar suspens:i 
oning. 
Performancewise, a number of changes have oc- 
urred. Octane requireme 
ably and is approaching the 1 0¢ 
Full throttle brake tract 
been accompanied 
brake specific fuel consum 
ciency. With the excepti 


components, OF berating 


tials, 
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peratures have 
The foregoing passenger. car trends have increased 
the stringency of fuel and lubricant requirements 
and these have been met in ; 
have been im pr roved, partic 
anti-knock value. Motor oil 
scuff resistance and “ery 
transmission fluids have unde 
ification to improve 
properties and other ct 
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wear and load 
chassis lubricants have 
design components 
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The preceding discussion has shown that 
erable Lp ge has been e in the passenge 
field in the past ten years aa that the p 
industry has kept pace with this progress by 
ing new or improved fuels and lubricants as required 
This has been accomplished only through the spirit 
of close cooperation existing between the two ind 
tries. It is expected that automotive progre 
continue at the same pace in the future and 
through this same cooperative effort, bie 
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On the West Virginia Turnpike, as illustrated, or under the most 


severe operating conditions, Texaco Marfak keeps fleets humming along. 


For smoother operation and lower 
maintenance costs—Texaco Marfak 


When your truck or bus fleet uses Texaco Marfak, 
you can be sure of this 

In chassis, Texaco Marfak provides a near- 
perfect seal against road grit and moisture, pre- 
vents rust and wear. It cushions bearings against 
pounding, minimizes the effect of body jarring. 

In wheel bearings, Texaco Marfak Heavy 
Duty 2 makes for a smoother ride as it protects 
Vital parts against wear and rust. Parts last longer, 
maintenance is reduced. No seasonal change is 
required 

For a multi-purpose lubricant, Texaco Marfak 
Heavy Duty Special 2—a lithium base grease 
provides excellent all around protection 

More than 700 million pounds 

of Texaco Marfak have been sold 
Texaco D-303 Motor Oil HD—fully detergent and 
dispersive—keeps diesel and heavy duty gasoline 
engines running smoothly and clean over longer 
periods between overhauls. It assures the full com- 


pression and complete combustion that invariably 
lower fuel bills. 

In differentials and transmissions, Texaco Uni- 
versal Gear Lubricant EP eliminates friction-drag 
between meshing, rotating parts and cuts main- 
tenance costs 

Texaco Lubrication Engineers are trained to 
help fleet owners pare operating and maintenance 
costs through the proper use of lubricants. Just 
call the nearest Texaco Distributing Plant; there 
2,000 in the 48 States. Or, write 
135 East 42nd Street, New 


are more than 
[he Texas Company, 
York 17, New York. 





LUBRICATION IS A MAJOR FACTOR IN COST CONTROL 


(PARTS, INVENTORY, PRODUCTION, DOWNTIME, MAINTENANCE) 


GOOD 
LUBRICATION 


can save you enough 
to pay your tolls! 


Moving the goods along the New Jersey Turnpike. 


MILE AFTER MILE, Texaco D-303 Motor Oil HD 
is racking up maintenance savings that are just 
as real as if the toll booth keepers waved trucks 
through with no more payment than a smile. 
Here’s how: 


1. FUEL CONSUMPTION IS REDUCED. Texaco 
D-303 Motor Oil HD keeps engines clean, rings 
free. You get full compression, complete com- 
bustion. Your fuel dollar goes further. 


2. MAINTENANCE COSTS ARE LOWERED. 
Texaco Lubricants protect your capital invest- 
ment. The super-tough protective film of Texaco 
D-303 Motor Oil HD guards against wear. Parts 
last longer, replacement costs are reduced, down- 
time is at a minimum. 


3. GOOD LUBRICANTS LAST LONGER. Texaco 


Marfak and Texaco Marfak Heavy Duty, for 
instance, keep chassis and wheel bearings lubri- 
cated for the long haul, stand up over a wide 
range of temperatures, don’t pound out. For mul- 
tipurpose use there is Texaco Marfak Heavy Duty 
Special 2—the new lithium-base grease. 


4. BETTER, QUIETER OPERATION MEANS LESS 
DRIVER FATIGUE. And Texaco Lubricants, like 
Texaco Universal Gear Lubricant EP—for use in 
transmissions and differentials—assure smoother, 
quieter operation, as well as lengthen gear life. 
Keep your profit level up—by keeping main- 
tenance costs down. Talk to your Texaco Lubrica- 
tion Engineer. Just call the nearest of the more 
than 2,000 Texaco Distributing Plants in the 48 
States, or write The Texas Company, 135 East 
42nd Street, New York 17, N. Y. 


THE TEXAS COMPANY ° * * DIVISION OFFICES 


ATLANTA, GA... ..864 W. Peachtree St., N.W. 
BOSTON 16, MASS 20 Providence Street 
ND a Wado cs nsec cKane P.O. Box 368 
BUTTE, MONT 220 North Alaska Street 
CHICAGO 4, ILL... . .332 So. Michigan Avenue 
DALLAS 2, TEX 311 South Akard Street 
DENVER 3, COLO 1570 Grant Street 
SEATTLE 1, WASH 


HOUSTON 2, TEX 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL... .929 South Broadway 
MINNEAPOLIS 3, MINN... ..1730 Clifton Place 
NEW ORLEANS 16, LA 1501 Canal Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 2, VA... ..3300 E. Princess Anne Rd. 
1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 





